The ecological perspective holds that human behavior depends on the interaction of different environmental factors and personal characteristics, but it lacks validation and operationalization. In the current paper, an ecological view was adopted to examine the interactive impact of several ecological systems on children's dietary intake and physical activity at childcare or similar facilities. The ecological view was operationalized into three types of interaction: 1) interaction between types of childcare environment (physical, social, political, economic); 2) interaction between micro-systems (the childcare and home environment) in meso-systems; and 3) interaction between childcare environment and child characteristics. The predictive value of each of these interactions was tested based on a systematic review of the literature. Discussion: Several studies support the hypothesis that the influence of the childcare environment on children's physical activity and diet is moderated by child characteristics (age, gender), but interaction between environmental types as well as between micro-systems is hardly examined in the field of behavioral nutrition and physical activity. Qualitative studies and general child development research provide some valuable insights, but we advocate quantitative research adopting an ecological perspective on environmental influences. Summary: Empirical studies operationalizing a true ecological view on diet and physical activity are scarce. Theorizing and assessment of interaction is advocated to become common practice rather than an exception in behavioral nutrition and physical activity research, in order to move the field forward.
Background
It is striking that studies into proximal determinants of many human behaviors have almost exclusively been limited to examination of separate elements (environmental factors, personal factors), each assumed to influence behavior separately. Studies often focus on specific aspects of a problem, losing track of the 'bigger picture'. To illustrate, in a previous debate paper in the International Journal of Behavioral Nutrition and Physical Activity, Brug and colleagues [1] advocated, among others, the 'Intervention Mapping' approach. This approach forces its users to specify each of the determinants of a certain behavior, and think of separate change strategies addressing each of those specific factors [2] . Although we acknowledge and underline the importance of a systematic approach to understanding and changing health behavior, such 'separate elements' approaches and theories fail to acknowledge that the complete picture is 'more than the sum of its parts'. Admittedly, Intervention Mapping does not explicitly exclude interaction between specific determinants, but the approach does emphasize linear bivariate relationships. In line with this, Brug et al. [1] stated that 'what we really need are not studies that highlight the importance of individual factors, social factors or physical environmental factors in shaping nutrition and PA behaviors. We need more studies that integrate potential determinants at the environmental level and the individual levels'. Resnicow and Vaughan [3] responded with a paper in which they questioned the current cognitive-rational paradigm in health promotion, and instead proposed a chaotic view. One of the propositions of this chaotic view is that the elements of a complex system interact in a nonlinear fashion in explaining behavior [3] . The implications of this view for health promotion practice are, however, considered limited [4] , perhaps because the view is difficult to operationalize in determinants studies and interventions.
In a further contribution in the debate on the usefulness of theories in the field of behavioral nutrition and physical activity, Kremers and colleagues [5] integrated the different views on health behavior theory, creating the Environmental Research framework for weight Gain prevention (EnRG framework). This framework combines both personal determinants and environmental determinants, specifying the interactive nature of their relationship. As such, the framework may be a useful addition to traditional models that focus on either environmental or personal determinants of behavior.
Another, much discussed theoretical framework which integrates personal and environmental determinants of behavior is the ecological framework [6, 7] . Although a growing number of studies now recognize the multivariate and multilevel structure of determinants of behavior, their analysis often stops right there. Various studies examine impressive, evidence-based, integrated multilevel lists of contributors to childhood obesity, claiming to apply an ecological view (e.g. [8] [9] [10] ). However, integration is not synonymous to interaction. The relationships between these contributors are often ignored in these studies. By doing so, they disregard the assumption of interaction between behavioral determinants that is right at the core of a true ecological perspective [11] . In an attempt to further contribute to the debate on the usefulness of theories in the field of energy balance-related behaviors (EBRBs), the current paper aims to operationalize and validate a true ecological perspective.
An ecological perspective
Determinants of behavior cannot be viewed in isolation. They influence not only the behavior at interest but also each other, and it is their combined influence that determines human behavior, forming a complex system [12] . This in line with an ecological 'systems' view of environmental influences on human behavior [6, 7] . Ecological models propose an interaction between the environment and the individual, as well as interaction between elements within the environment [11] . Conceptually, this means that individuals with different characteristics or in different contexts react differently to similar influences [13] . In other words, environmental influences on EBRBs cannot be generalized, but are person and situation specific.
The ecological perspective needs validation and operationalization [11] , but hypotheses remain vague and actual adoption in practice is lacking [14] . Even theoretical applications to dietary behavior and/or physical activity such as the Ecological Model of Physical Activity (EMPA) lack specificity and operationalization. As the originators of the EMPA acknowledge, specific characteristics of relationships among the factors in their model need to be identified [11] . The ecological perspective thus remains an idea in need of true operationalization and validation. As a first step towards this goal, we reviewed the current literature to examine the stateof-the-art in adopting an ecological view to study the interactive impact of several ecological systems on children's dietary intake and physical activity.
A practical example: EBRBs at childcare
Validation of the ecological perspective using young children as a sample case is a feasible starting point. Firstly, although incorporating the environment in explaining behavior is important for all human behaviors, it becomes even more important regarding children. Children's behavior is largely unreasoned, unplanned, and environment-driven, making traditional cognitive behavior explanation models mostly unsuitable for this age group [15] . Secondly, the variety and complexity of environments increases throughout life: whereas adults encounter an enormous variety of environments (e.g. work, home, sports clubs), young children encounter only a handful at the most, the main ones being home and childcare [16] . The application to children's behavior should thus be seen as a starting point, allowing further extrapolations and generalizations to other settings, ages and behaviors. Furthermore, EBRB habits are often formed at a young age and maintained during later life [17, 18] , making it essential to target EBRBs in early childhood.
Various studies have shown an increased overweight risk in children attending childcare (e.g. [19] [20] [21] [22] ). Childcare and similar facilities (e.g. pre-school, kindergarten, day-care) could play an important role in childhood overweight prevention [23] . A review by Larson and colleagues provides a detailed overview of existing studies on these environmental determinants of EBRBs at childcare [24] . This review showed that the majority of the existing studies reported on either child behavior or the childcare environment, failing to examine the association between both. An example of an environmental determinant of EBRBs at childcare is childcare staff behavior, which has been found to be important for shaping children's dietary intake at childcare [25, 26] , as well as their physical activity level [27] . Increased PA has further been linked to for instance the availability of play equipment and PA opportunities [27] [28] [29] [30] , a 'natural' environment [31] , smaller group size [27, 32, 33] , child-initiated instead of staff-initiated play [32] and prompts by peers [27] . As we will see in the next paragraph, other important determinants of EBRBs such as the family context and characteristics of the child itself, and the interplay between all these factors are a necessary addition.
Application of the ecological framework to childcare
Studies into determinants of children's EBRBs have, in line with studies into many other human behaviors, almost exclusively been limited to examination of separate 'micro-environments' (i.e., the immediate settings within which individuals interact), e.g. focusing on the influence of either childcare or home influences. However, in practice home and childcare environments interact with each other in influencing children's EBRBs and weight status [12, 34] (see Figure 1 ). The influence of the childcare environment thus depends on what happens at home, and vice versa, in line with the ecological view [6, 7] . Bronfenbrenner, the founder of the ecological perspective, has defined interaction between micro-systems as the 'meso-system' [35] .
Another moderating factor that has mostly been overlooked is the influence of the child itself (see Figure 2 ). Ecological models include a notion of the importance of a good 'fit' between individuals and their environment [36] . Children should be seen as active agents, shaping and interpreting their environment [37] . Their individual characteristics might influence how well they can adapt to the environment. In line with this, the ecological system stresses the importance of synergy between individuals and their environment [11] . Moreover, this concurs with guidelines for the study of correlates of EBRBs, which state that such research should attempt to integrate personal and environmental correlates of these behaviors [38] .
Furthermore, ecological models propose that within each environmental setting there are multiple types of environment [6] . The ANGELO framework [39] operationalizes the environment through distinguishing between four types: the physical environment (what is available, e.g. play equipment), the social environment (what are the attitudes/beliefs of important others, e.g. the general parenting/supervision climate), the political environment (what are the rules, e.g. about child's EBRBs), and the economic environment (what are the relative costs, e.g. relative budget of the childcare center). The ecological view presumes that these environmental types interact in determining child behavior [6] (see Figure 3 ).
From the ecological viewpoint, effects of existing overweight prevention interventions focusing on single determinants of EBRBs at childcare are probably reduced by the moderating influences of other factors, not taken into account in these interventions. The ecological systems view [6, 7] furthermore needs additional validation in multiple settings [5, 6, 11, 40 ]. In the current paper, we will discuss the validity of the ecological framework, by applying it to the childcare setting. We have operationalized the ecological framework into three types of interactions: 1) the interaction between types of environment (physical, social, political, economic) at childcare; 2) the interaction between micro-systems (the childcare and home environment) in meso-systems; and 3) the interaction between environmental factors at childcare and child characteristics. These hypotheses will be tested based on a systematic review of the literature.
A systematic review of the literature performed by two independent researchers. Databases PubMed and PsycInfo were searched using a combination of keywords referring to childcare, environment and nutrition or physical activity. In addition, snowball sampling was used. For the current article, we define childcare as organised care for children where parents leave their child for more than a few hours a day with (semi-)professional staff. This includes child daycare and pre-school, but excludes homecare by a relative, babysitter or nanny, and care in settings that entirely replace daily home like boarding school and foster home.
All English papers published between January 1990 and May 2013 were included. After removing duplicates, this resulted in a total of 4069 papers. After title screening, 292 papers remained for abstract screening, from which 44 papers were selected for full text screening. A total of 25 quantitative studies that examined an association between the childcare environment and either children's dietary intake [25, 26, [41] [42] [43] [44] [45] [46] or physical activity [27] [28] [29] [30] [31] [32] [33] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] were identified. However, only seven of these studies included some examination of interaction between types of environment, between the childcare environment and the home environment or between environmental factors at childcare and child characteristics [27, 29, 31, 33, 46, 52, 56] (Table 1) . Six studies regarded physical activity; only one study examined dietary intake. The environmental features assessed were all physical or social.
Discussion
Interaction between types of environment
The first type of interaction, between types of environment ( Figure 3 ), was examined by only one study [27] .
This study examined the influence of social and physical environmental factors on physical activity at childcare, and whether there was an interaction between both ( Table 1 ). Moderation analyses showed that the positive influence of activity opportunities (physical environment) on outdoor physical activity was only present when children were engaged in an activity together with multiple peers (social environment). Children playing alone or with one other peer seemed unaffected by the presence of activity opportunities. This study thus showed some evidence for interaction between the physical and social childcare environment, supporting the ecological framework. This is however the only study we found that provides such indications. Studies examining such interactions in influencing dietary intake were not found, nor did we find any studies examining interaction between or with any of the other types of environment (e.g. interaction between the political and economic childcare environment). Further research would thus be needed to examine this element of the ecological view.
Interaction between microsystems
With regard to interaction between the childcare environment and the home environment in influencing children EBRBs, (Figure 1 ) no quantitative studies examining this were found. Qualitative research nevertheless provides strong indications that such interaction exists. Several qualitative studies among childcare workers highlighted the importance of support of and communication with parents for promoting sufficient physical activity and healthy dietary intake at childcare [57] [58] [59] [60] . Furthermore, parents were explicitly mentioned by childcare staff as an obstacle to physical activity, as they tried to restrict children's activities at the childcare centers (e.g. limiting time spent outdoors, letting children wear clothes unsuitable for physical activity [59] [60] [61] ), or expressed other priorities for their child at childcare, such as academic performance and safety concerns [62] . In addition to parents influencing physical activity in the childcare setting, childcare workers also indicated interaction the other way around: they advised parents regarding children's physical activity and nutrition and were aware that they could (or perhaps should) be a role model for parents [60, 63] . In line with this, the Institute of Medicine has suggested that it is the role of 'non-home environments' such as childcare to support parents in their efforts to promote physical activity and healthy eating in their children [64] . Parents also indicated that childcare practices influenced the home situation [65] , and some parents also actively sought advice from the childcare center on EBRB-related parenting [58] . Discontinuity between the childcare setting and home was furthermore perceived as hampering sufficient physical activity at childcare [57] . General child development research provides some further indications concerning the interaction between childcare and home in influencing children's behavior. Parents and childcare staff often have different childrearing attitudes, values and practices [66, 67] , and such inconsistency affects children's wellbeing negatively [66, 68] . This is implied by the ecological framework: the stronger the link between two micro-systems, the better the child's outcomes [69] . The problem is that although the child participates fully in these two micro-systems with different demands (forming a meso-system), parents and childcare staff do not have such a direct link with each other's micro-system [69] . This link could be created through communication: Communication between home and childcare creates synergism and consistency, supporting optimal child development [70] . Parents and supervisors should for instance make agreements on the foods that should be offered to the child.
Some research, however, has shown that discontinuity between micro-environments is not necessarily bad, especially when a high-quality micro-environment (e.g. a high-quality childcare center) moderates (i.e. diminishes) the adverse effects of a low-quality micro-environment (e.g. a disadvantaged home; [70] ). Some further argue that children might benefit from different experiences, and that optimal adaptation to the environment is more important than structural similarity [70] , which is in line with our final hypothesis, regarding interaction between the environment and child characteristics.
We feel that the findings of qualitative studies and studies regarding general child development provide sufficient rationale to examine the home/childcare mesosystem hypothesis in quantitative studies for EBRBs. Such studies would be quite extensive and need to be thoroughly designed, which might very well be the reason that this hypothesis has not yet been studied in quantitative studies to date. Applying the ecological framework has large consequences for the research designs to be used, including a simultaneous assessment of both the behaviors and the environments, in all relevant settings (home and childcare in the current example), using the same instruments in all settings, in the same persons (children in the current example). Furthermore, sample size will have to be increased, in order to be able to test for interaction.
Interaction between environmental influences and child characteristics
In contrast to the first two types of interactions within the ecological framework, there is relatively convincing evidence for a moderating role of child characteristics in the relationship between the childcare environment and children's EBRBs [27, 29, 31, 33, 46, 52, 56] (see Table 1 , Figure 2 ). The child characteristics that have been examined as potential moderators of environmental influences are gender, age and ethnicity. Indications for existence of such moderation were found for age and gender, but not for ethnicity.
Four out of the five studies that examined gender as a moderator of environmental influences, did actually find indications of the existence of such interaction. In general, boys seemed to be more strongly affected by the physical environment than girls: boys' activity levels were positively associated with the quality of the outdoor environment [31] , and negatively with soft ground surfaces [33] , while in girls both associations were absent [31, 33] . However, girls profited more from an intervention increasing the available play space per child [55] . Social environmental influences were moderated by gender as well. Girls were more negatively influenced than boys by increasing group size [33] . Girls and boys further responded differently to prompts. McKenzie et al. [52] reported higher compliance to activity promoting prompts from supervisors in girls, while Gubbels and colleagues [27] found that the association between activity promoting prompts from peers and activity levels was stronger in boys. With regard to activity discouraging prompts, girls responded more negatively than boys [27] .
Children's age also seems to interact with environmental influences in influencing both physical activity and dietary intake. With regard to the physical environment, older children were found to mainly increase their vigorous activity in response to an activity-friendly playground intervention, while younger children mainly increased their moderate activity [29] . With regard to social environmental factors, older children's activity levels were more negatively affected by the number of peers present, while younger children were more negatively affected by the number of supervisors [27] . As regards dietary intake, availability of high fiber lunch items (physical environment) showed a stronger positive effect in younger children compared to older children [46] . In line with these moderation effects reported in quantitative studies, childcare supervisors have also indicated in qualitative research that children have different needs with regard to physical activity at different ages, and that this age diversity is considered a constraint on realizing sufficient physical activity for all children [60, 61] .
The fact that child gender and age influence the effect the childcare environment has on EBRBs, indicates that different children need different environmental interventions to stimulate healthy EBRBs. Childcare supervisors could for instance be made aware of these different responses of children, and should be educated about how physical activity can be promoted in all children [33] . This could potentially increase the effectiveness of such interventions, as well as help to address the disparity observed in health-related behaviors between children [71] . In addition, these moderating processes have implications for research in the area of EBRBs. Ignoring moderation might lead to oversimplified conclusions. For example, Dowda and colleagues [49] found that the number of children present was not significantly associated with children physical activity levels. However, the authors of this study did not examine possible moderation of this association by child characteristics. Two of the studies included in the current review showed that association between number of children present and physical activity is moderated by gender [33] and age [27] . The reported association by Dowda et al. [49] could thus have been nullified in the analyses because of the lack of an examination of moderation by child characteristics.
It would be interesting to examine other child characteristics in addition to gender and age as moderators of environmental influences as well. A review of moderators of environmental intervention effects on diet and activity in youth (aged 3-18 years), indicated that in addition to gender and age, also ethnicity moderates environmental effects on behavior [72] . The moderating influence of ethnicity was examined in one of the included studies at childcare, but this was not confirmed [52] . Other child-related moderators found in settings other than the childcare center include children's temperament or personality tendency and weight status [73] [74] [75] . These additional potential moderators should also be examined at childcare.
Quality of the studies
The quality of the studies reporting indications of interactions between the childcare environment and child characteristics differs greatly. Two studies statistically tested the interaction between the environment and several child characteristics selected based on previous research [27, 29] . Statistical testing of the significance of interaction terms is considered the most appropriate method for examining interaction [76] . The other studies performed subgroup analyses without testing the significance of interaction terms, basing their subgroup analyses solely on theoretical reasons, for instance [31, 33, 49, 52, 56] . Also methodological quality differed, with large variation in for instance sample sizes and quality of assessment of both predictors and outcomes (see Table 1 ). The quality of the study by McKenzie et al. [52] for making inferences with regard to the current hypotheses was further debatable, as the authors did not assess the environment and activity separately, but included a variable that incorporated both: compliance to physical activity prompts. The inconsistent quality of the existing studies provides an additional stimulus for further high quality research regarding the validity of the ecological framework.
Summary and conclusion
The current paper examined the validity of the ecological view of environmental influences on human behavior, for EBRBs in the childcare setting specifically [6, 7] . In general, the evidence for the validity of the ecological framework for EBRBs at childcare is scarce, especially regarding dietary behavior. Most evidence was found for moderation of environmental influences by child characteristics (i.e. child age and gender). The small number of studies applying the ecological view limits our insight into the complex interplay of environmental influences on child EBRBs. As such, this paper should be considered as a call for studies that apply the ecological approach in the examination of environmental influences on energy balance-related behaviors in the childcare setting.
Given that the studies that did examine the ecological framework appear to confirm its validity, the lack of support for this framework could probably be attributed to the lack of research examining the interactions. Reasons for a lack of such examinations might be found in the complexity inherent to such studies, with high demands regarding for instance the study's sample size, design and measurement instruments. These requirements present us with quite a challenge. We encourage researchers in the area of EBRBs to cooperate with statisticians and other research areas in order to explore innovative ways of dealing with the methodological and statistical issues we are confronted with, in order to move the EBRB field forward in terms of the methodology and statistics used as well. If we don't, our methodology will eventually lag behind on our theory.
The lack of studies applying the ecological framework might perhaps also be attributed to publication bias, as some researchers might have failed to report nonsignificant findings. Nonetheless, also qualitative research and research in the area of general child development, provide clear indications for the validity of the ecological framework, and thus justify further quantitative research on this topic. Furthermore, quantitative studies examining the ecological framework are also lacking when looking at other age groups: although relatively many studies examine moderation of environmental influences by personal factors (e.g. [77, 78] ), few studies examine interaction within and between environments (e.g. [79] ). This is in line with the call of various authors to further validate the ecological framework in various settings [5, 6, 11, 40] . Moreover, effects of existing overweight prevention interventions focusing on single determinants of EBRBs at childcare may be limited by the moderating influences of other factors not taken into account, which further stresses the urgency of such research.
In the case of childcare specifically, Bradley stated that in view of the wide use and presumed importance of childcare, it is striking how little research has been devoted to the family/childcare interaction; part of this neglect probably derives from the complexity and dynamics of the system [34] . Proper examination of the whole system from a true ecological perspective requires extensive, well designed, longitudinal studies. However, we cannot continue to neglect these interactions, ignoring the fact that what we find is not the complete picture, or simply wrong. The effectiveness of existing interventions focusing on single determinants of health behavior is probably suboptimal by not taking moderation into account, wasting valuable time and money in battling lifestyle-related health issues such as obesity. Given the gravity of these diseases, we are obliged to take the next step, and apply a true ecological perspective to health behavior. Assessment of moderation should thus become common practice rather than an exception in behavioral nutrition and physical activity research [72] , including research in the childcare setting. We all know that we should: an umbrella review of 36 reviews summarizing the influence of the physical environment on physical activity, revealed that the most cited suggestion for future research was to examine moderators of environmental influences [40] . Let's take the next step.
Abbreviations ANGELO: Analysis Grid for Environments Linked to Obesity; EBRBs: Energy balance-related behaviors.
